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Introduction
Bladder cancer is the second most common urologic malignancy, with significant associated morbidity and mortality. 1, 2 The prognosis of patients with bladder cancer can be affected by a variety of fac-tors. [3] [4] [5] Among these factors, local extension of the tumor is crucial in predicting the prognosis of non-metastatic muscle invasive bladder cancer. [3] [4] [5] [6] Depending on the depth of primary tumor invasion,
Ivyspring
International Publisher the American Joint Committee on Cancer (AJCC) staging system classifies advanced bladder tumors as pT2, pT3, and pT4. Based on the 2002 AJCC TNM classification, tumors extending outside the bladder, but not into the adjacent organs, are categorized as having microscopic (pT3a) or macroscopic (pT3b) perivesical tissue invasion. The prognostic influence of this distinction of pT3 sub-stages on clinical outcomes, including recurrence and survival, has been evaluated in several studies, but conflicting results have been reported. [7] [8] [9] [10] [11] Radical cystectomy (RC) with bilateral pelvic lymphadenectomy is a gold standard treatment for the local control of non-metastatic muscle invasive bladder cancer (pT2-T4aN0M0). 2 However, a large number of bladder cancer patients develop recurrence and cancer-related death due to unrecognized occult nodal or distant metastasis at the time of RC. 6, 12 In light of this, to improve the survival of patients with locally advanced bladder cancer, the application of perioperative systemic chemotherapy combined with RC has been assessed by many investigators. [13] [14] [15] [16] [17] There is adequate evidence of cisplatin-based neoadjuvant chemotherapy as a recommended therapeutic modality for advanced bladder cancer. 13, [15] [16] [17] However, the evidence supporting the utility of adjuvant chemotherapy (ACH) in the management of advanced bladder cancer remains insufficient. [14] [15] [16] [17] [18] Furthermore, as mentioned earlier, detailed classification of pT3 bladder cancers can make it more difficult to establish definite indications with regard to the use of ACH.
In the current study, we sought to identify the clinical significance of sub-staging of pT3 urothelial carcinoma of the bladder (UCB) and assess the prognostic value of the administration of ACH in patients with pT3 urothelial carcinoma of the bladder (UCB).
Materials and methods

Study population
After receiving approval from the institutional review board of Seoul National University Hospital, we retrospectively reviewed the bladder cancer database of a single institution consisting of 424 patients who underwent RC with pelvic lymph node dissection (PLND) between January 1991 and December 2012. Patients with metastatic disease at the time of RC, a pT2 or lower disease classification based on the final RC specimen, a history of neoadjuvant chemotherapy, and histology other than urothelial carcinoma were excluded from the study. Finally, a total of 101 patients who showed pT3 UCB at the final RC specimen were available for our final analysis. A portion of the patients included in this study was also included in previous our study. 19 
Acquisition of data and definition of variables
The pathologic stage and grade of all RC specimens were evaluated by a proficient genitourinary pathologist and were assigned according to the 2010 Tumor-Node-Metastasis classification of the 7th AJCC, and the 2004 World Health Organization system, respectively. Thus, the pathologic stage and grade of specimens from patients who had received surgery before the application of the updated guidelines were re-assessed. The pT3 stage was divided into pT3a or pT3b sub-stages according to the current guidelines. 2 pT3a disease was assigned to cases of only microscopic histological infiltration of the perivesical tissue without gross perivesical invasion. If perivesical invasion was visible and palpable on gross assessment of the RC specimen and could be confirmed on histological examination, pT3b disease was assigned. Other assessed covariates included clinical parameters such as age, gender, body mass index (BMI), American Society of Anesthesiologists score, clinical hydronephrosis, and adjuvant chemotherapy (ACH) and pathologic parameters such as carcinoma in situ (CIS), lymphovascular invasion (LVI), perineural invasion (PNI), variant histology of urothelial carcinoma (UC), perivesical margin, lymph node (LN) status, and total number of removed LN. To facilitate the statistical analysis, age (< 60 or ≥ 60 years) and BMI (< 25 or ≥ 25 kg/m 2 ) were dichotomized. The LN status and clinical hydronephrosis were also analyzed as a binary variable according to their presence or absence. LVI was defined as the presence of tumor cells within an endothelium-lined space without underlying muscular walls. 20 PNI was defined as tumor invasion into the perineural sheath or endoneurium. 21 The perivesical margin was only defined as the presence of tumor at inked soft tissue areas on the final pathologic slide of the RC specimen; therefore, the urethral or ureteral resection margin was not considered as a margin in this analysis. ACH was defined as that administered within 3 months postoperatively and consisted of cisplatin-based regimens including gemcitabine and cisplatin (GC) or methotrexate, vinblastine, adriamycin, and cisplatin (MVAC). In patients with significantly diminished renal function, carboplatin was administered with gemcitabine, replacing cisplatin.
Follow-up
Postoperative follow-up was conducted in accordance with institutional protocol. Patients were usually followed-up at least every 3-4 months for the first year, semiannually for the second year, and annually thereafter. Follow-up examinations consisted of a physical examination, blood test, chest radiography, kidney ultrasonography, and/or computed tomography urography. A bone scan was performed only in cases with bone-related symptoms. Cancer-specific survival (CSS) was defined as the interval from the time of RC to bladder cancer-related death. The duration of overall survival (OS) was estimated from the date of RC to the date of last follow-up or death from any cause. Data on living patients were censored from relevant analyses. Death was identified by reviewing medical charts and/or from the annual census of the Korea National Statistical Office. Cause of death was determined by the responsible physicians and from death certificates.
Statistical analyses
The pT3a and pT3b sub-stage groups were compared using the chi-square or Fisher's exact tests for categorical variables and the Mann-Whitney U test for continuous variables. Continuous variables are expressed as the median and interquartile range (IQR); categorical variables are expressed as absolute numbers with relative percentages. Survival outcomes including OS and CSS were estimated using the Kaplan-Meier method and compared using a log-rank test in the entire patient cohort and sub-stage groups. Multivariate Cox proportional hazard models were used to assess the factors associated with sur-vival outcomes. All statistical analyses were conducted using SPSS software version 21.0 (SPSS Inc., Chicago, IL, USA); two-sided p-values of < 0.05 were considered to be statistically significant. Table 1 summarizes the characteristics of the entire study cohort and the comparative results of various parameters between the pT3a and pT3b subgroups. The median age of the patients was 69.0 years (IQR: 63.0-75.5) and they were predominantly men (85.1%). A majority of the patients (98.0%) showed high-grade tumors on the pathologic examination of RC specimens. A total of 34 patients (33.7%) were finally confirmed as having LN positive disease. All patients were divided into pT3 sub-stage groups: 43 (42.6%) were diagnosed with pT3a (microscopic perivesical tissue invasion) and 58 (57.4%) with pT3b (macroscopic perivesical tissue invasion) disease. Except for the total number of removed LN (p = 0.048), there were no significant differences in the distribution of the other parameters evaluated, including pathologic tumor grade (p = 0.179), CIS (p = 0.093), LVI (p = 0.564), PNI (p = 0.549), LN status (p = 0.139) and the frequency of ACH (p = 0.228) between the pT3 sub-stage groups. 
Results
Characteristics of the study cohort
Survival outcomes
In this study cohort, a total of 52 (51.5%) patients died of any cause with the median OS time of 18.6 months (IQR: 10.4-35.0 months); 38 (37.6%) of these deaths were attributed to UCB. Follow-up durations were similar in the two pT3 sub-stage groups ( Table  1 ). The 5-year OS and CSS rates were not significantly different between the pT3a and pT3b patients (48.5% vs. 45.6%, p = 0.658, Fig. 1A; 56 .1% vs. 56.2%, p = 0.840, Fig. 1B) . When comparing OS and CSS with respect to the LN status (pN0 or pN ≥ 1), significant survival differences were not observed between the pT3 sub-stages in either the LN negative or positive group ( Supplementary Fig. S1 ). The patients who received ACH had a better OS benefit than those who did not (p = 0.025, Fig. 2A ), but ACH did not have an effect on CSS (p = 0.635, Fig. 2B) .
When performing the subgroup analysis in each pT3 sub-stage group, there was a meaningful difference in OS (p = 0.005, Fig. 3A ), but not CSS (p = 0.148, Fig. 3B ), between those with and without ACH only in the pT3b group. However, there were no significant differences in OS and CSS according to the presence or absence of ACH in the pT3a group ( Supplementary  Fig. S2 ).
On multivariate analyses for the entire study cohort, the performance of ACH was the only independent predictor associated with improved OS (hazard ratio [HR]: 0.51; 95% CI: 0.29-0.89; p = 0.018), but not CSS (p = 0.542), after controlling for the impact of other variables (Table 2 ). However, pT3 sub-staging was not an independent predictive factor of OS (p = 0.421) or CSS (p = 0.964).
We also evaluated the variables associated with survival outcomes in each sub-stage group. When conducting the multivariate Cox regression analyses adjusting for other variables in each group, we could not identify any factors that showed significant correlation with survival outcomes in the pT3a group. However, in the pT3b group, the performance of ACH was independently correlated with improved OS (HR: 0.35; 95% CI: 0.17-0.72; p = 0.004) and CSS (HR 0.33; 95% CI 0.10-0.85, p = 0.022) ( Table 3) . Table 2 . Multivariable Cox regression analyses for evaluating variables predicting overall survival and cancer specific survival in the entire study cohort (pT3) 
Discussion
Since 2002, the AJCC TNM classification of bladder cancer has divided the pT3 (perivesical tissue invasion) disease into pT3a (microscopic) and pT3b (macroscopic) sub-stages. Even though perivesical tissue invasion is a known adverse prognostic factor, a definite conclusion regarding the prognostic implication of this distinction of pT3 disease has not been reached thus far. [7] [8] [9] [10] [11] Several reports have demonstrated the prognostic significance of pT3 sub-staging. In a cohort of 2,388 pT2b-pT3b bladder cancer patients obtained from the SEER database, Scosyrev et al. reported that pT3a was associated with poorer OS than pT2b (deep muscle invasion) irrespective of LN status, but the OS difference between pT3b and pT3a was only observed in node-positive disease. 11 In a multicenter study consisting of 808 patients with pT3 disease, Tilki et al. reported that pT3b disease showed worse 5-year recurrence free survival (RFS) and CSS rates than pT3a disease in only LN negative UCB. 8 Furthermore, patients with pT3b disease had significantly higher frequency of LN invasion and administration of ACH than those with pT3a disease. Similarly, Neuzillet et al. demonstrated that patients with pT2b and pT3a disease showed comparable survival outcomes, which were better than those of patients with pT3b disease in only cases of pN0 disease. 9 The frequency of LN metastasis and administration of ACH was significantly greater in the pT3b group than in the pT3a group. Moreover, these investigators suggested the benefit of ACH in patients with pT3bN0 tumors, given that the metastasis-free survival differences between pT2b-pT3a and pT3b were not significant for LN negative patients who had received ACH.
Contrary to the studies mentioned above, in 75 patients with LN negative pT3 disease, consisting of 46 pT3a and 29 pT3b patients, Boudreaux et al. identified no significant differences in survival outcomes, such as OS, CSS, and RFS, between the pT3 subgroups. 7 Likewise, in a similar scale retrospective study including 74 patients with pT3N0 (35 pT3a and 39 pT3b) disease, Dincel et al. found that pT3b did not have worse survival outcomes (OS and CSS) than pT3a disease. 10 In the current study, we could identify no significant differences in OS and CSS depending on pT3 sub-staging. When performing survival analyses according to LN status, the survival differences between pT3a and pT3b were also not observed in LN positive or LN negative patients. These findings correspond to previous study results. 7, 10 In addition, the distribution of LN status and frequency of ACH were not significantly different between the two pT3 sub-staging groups, which was not the case in previous studies. 8, 9 In summary, the prognostic impact of pT3 sub-classification on survival outcomes after RC was not confirmed in our study.
ACH is commonly administered for the management of locally advanced bladder cancer. In particular, bladder cancer showing perivesical tissue invasion on final pathologic examination after RC has been generally considered as a possible indication for ACH. 14, [22] [23] [24] However, unlike neoadjuvant chemotherapy, which is currently the established modality for improving survival on the basis of several meta-analysis and prospective studies, 13,15-17 evidence supporting the utility and indication of chemotherapy in an adjuvant setting is currently lacking. This is because a well-designed prospective study can be difficult given the side effects of chemotherapy, the poor postoperative general condition of patients, and diminished renal function. [14] [15] [16] [17] [18] Furthermore, as mentioned earlier, the debates regarding the prognostic significance of pT3 sub-staging may make it more difficult to establish the definite indications for the use of ACH.
In our study, although there were no meaningful survival differences between the pT3 subgroups, an OS benefit related to the administration of ACH was observed in the entire pT3 patient group. On subgroup analysis according to the pT3 sub-stage, an OS benefit of ACH was confirmed only in the pT3b sub-stage. Furthermore, on multivariate Cox regression analyses adjusting for the impact of other covariates in the pT3b group, the administration of ACH was an independent predictor of better OS and CSS. OS is widely used as the primary endpoint to assess the clinical outcome of oncologic treatment, 25 and the final goal of bladder cancer treatment is to prolong the survival of patients. Therefore, we cautiously suggest that pT3b UCB may be a potential indication for ACH to improve postoperative survival. This suggestion also corresponds to the findings of the study by Neuzillet et al. 9 There are several limitations to the current study. First, our study is limited owing to its retrospective design with inherent selection bias. A potential bias may exist because patients treated with neoadjuvant chemotherapy were excluded from the study. Our data were extracted from patients treated with RC by multiple surgeons over a 20-year period and, therefore, may not represent current clinical practice. Several time-dependent variables, such as surgical technique (i.e., PLND template) and pathologic report content (i.e., variant histology) may have impacted our results. Furthermore, inter-surgeon variation regarding surgery related expertise, determination of ACH implementation, type of ACH reg-imen assigned, and postoperative follow-up strategies could have affected the current study results. Finally, our study cohort was relatively small, with patients recruited from a single institution. Therefore, the results drawn from this study should be further verified through well-designed prospective and randomized clinical trials.
In conclusion, in this study, the detailed classification of pT3 disease according to the current AJCC staging system had no effect on survival outcomes after RC. However, the administration of ACH in pT3b disease showed a close correlation with improvement of postoperative survival. Therefore, we suggest that pT3b disease should be considered as a potential indication for chemotherapy in an adjuvant setting. Further verification through well-designed prospective and randomized clinical trials will be required to establish macroscopic perivesical invasion as an indication for ACH in UCB. 
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